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CMOS Schmitt Trigger — A 
Uniquely Versatile Design 
Component 

INTRODUCTION 

Tne Schmitt trigger tias ftwrvd many applications in numer- 
ous drcsuite, bolt) artsiog and csgitai. Tne versalility of a TTI. 
Sohmiit |3 rianip«f»ci by its narrow Supply range, iHnitsd in- 
torfaco capability, low Input impedance and unbaianedd out- 
put characteristics. The Schmm trigger could ba built from 
dbcrata devices to satisfy a particular parameter, but this is 
a careful and sometimes fme-consumina desigrt. 
The CMOS Sctimht irlgosr, wnlcn comas sIk to a pactiage, 
usas CMOS charactsristics to optimize design and aiMtrtce 
into BTsas where TIL could not go. These areas Include: In^ 
tariadng with op amps and transmission linae. wHct) oper^ 
ats from large split supplies, losic level conversion, linear op- 
BrartiOn, and special designs relying on a CMOS 
CharaCteiiStiC The CMOS Schmin trigger has the following 
advanmges: 

• High impedance input (10''2a typical) 

• Baianoad input and output ctwraoterlsiiea 

— Ttiresholds are typically symmetrical lo Vcc 
—Outputs source and ^nk equal currents 
— Outputs drive to supply rails 

• Positive and negatKre-geing thresholds stKw low varia- 
tion with respect to temperature 

• Wide supply range (3V-15V), split supplies possible 

• LOW pOwAr consumption, even during tronsitionE 

• Kl#i nobe Immunity, o.TO typical 

ApplicMiOAs deimnstrating how each of ttisse chaiactar- 
isHes can tMcome a design advantage win ba given later 
In the application note. 

ANALYZING THE CMOS SChMITT 

The irtput 0) the schmitt trigger goes through a standand in- 
put protection and Is Ned (0 me gaies ot four stacked de- 
vices. Tl)a upper two are P<hannel and trie lower two are 
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N-channel. Transistors P3 btA N3 are operating in the 
source toUower mode and introduce hysteresis by feeding 
back the output voltage, our, to two dilferent points in tiM 
stack. 

When the input Is at OV, trartslslors PI and F% are ON. and 
Nl. N2 and P3 are OPP. Since Ouf is high, N3 is ON andaa- 
ing as a source follower, the dram of Nl , wfiich is the source 
of N2, Is at V^^ - Vth, If the input voltage Is ramped ip to 
orte mresooid above ground transistor Nt begins to turn ON, 
Nl and N3 tioth being ON form a voltage divider network bi- 
asing the source of N2 at roughly half the supply. When the 
ir^ut is a threshold above Vcc, NS begins to turn ON and 
regenerative switching Is about 10 take Over, Any mors volt- 
age on tfw Input causes our to drop. When euf dn)ps, the 
SOun» of N3 icIlDws Its gate, which Is Our, the influence of 
N3 in tf» voltage divider with Nl rapkay dimlnlshw, bringing 
Out down funher yet. Meanwhile P3 has started to turn ON, 
Its gaie being braught tow by tl>» rapidly dropping our. P3 
turning ON brings the source of P3 low and brrns n OFF. 
wtihi P2 OFF, our crashes dowrt. The snapping action is due 
to greater than unity loop gain through the Stack Caused by 
positivB feedback through the source tollower transistors. 
When the Input is brought kiw again an Idemlcal process oc- 
curs in the upper ponSon of tf» stack and the snapping action 
takes place wtian the kmrer threshold Its reached. 
Our is fed into the inverter formed by P4 end N4; another In- 
verter buBt wKh very small davieas, PS and NS, fbnna a latch 
which StabiEzeS out*. Ttte output Is an inverting buffer ca- 
pable of sirtlfing 060 M or two LPTTL loads. 
TTie typical transfer cfiaracteristlcs are shown in Figui^ Z. 
the guBiBme'ed trip point range la shown in mguns 3, 
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FGURE 1. CMOS Schmltt -nigger 


WHAT HYST^ESIS CAN DO FOR YOU 

Hystsrssis is ths drffsranoe in response due id 0<e OlrKtion 
Of inputchango. Anoisy signal that troveissa tti« tnre^nMcl ol 
a COimpanitOr can cause multiple transitions at (no oulput, if 
me response time or the compiu'ttar is less than the time be- 
ivveen spurious effects. A Sciimitt trigger has two thresholds: 
any spurious effects must be greater thw the threshold dK- 
feretwe to cause multiple transitiens. With a CMOS Schmltt 
at Vcc = 10V there is ^KaRy aev of threshold diflersncs, 
enough hysteresis to overcome almost any spurious signal 
on the Input 

A comparator is often used to recover Intormatlan sent down 
an unbalanced transmission line. The threshold of me com- 
parator Is places at one rolf tfM signal ampfitude (See Flgurs 
4P). This is done to prsvsm sTicing level distaition. If a 4 ;/3 
wide signal Is sent down a ttansmfssion line a 4//s wide sig- 
nal should be received or signal distortion occurs, if the com- 
parator has a threshold otiove half the signal ampHtuOe, then 
positive pulses sent are shorter and negative pulsas are 
lettsthened (See Figwa 4$. This is caDed slicmg ievai distor- 
tion. The Schmltt tngser dees have a positive offset. Vt... but 
It also has a negatlva oftsat V^.. In CI^IOS these oRsets are 
CpproxiinBtery symmetrical id half t>w etgr»l level SO a 4 j/s 
wide pulse sent is also rsctyvered (see Flgum 4it). The 
coverad pulse Is delayed in time but the length is not 
changed, so ndse Immunity is achieved and signal dstortkin 
is not kitroducea oecause of threshold offsets. 


v« 

• ISV 



Vk! - WW ^ 

Vt- 


w 


b 


,Vt, 


1^ 







% ID 16 

iwutvdltageivi 
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FIGURE 3. Ouaranteed Trip Point Range 
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Schmitt Trigger 


Introduction 


Sometimes an input signal to a digital circuit doesn't directly fit the description of a digital signal. For 
various reasons it may have slow rise and/or fall times, or may have acquired some noise that could be sensed 
by further circuitry. It may even be an analog signal whose frequency we want to measure. All of these 
conditions, and many others, require a specialized circuit that will "clean up" a signal and force it to true digital 
shape. 

The required circuit is called a Schmitt Trigger. It has two possible states just like other multivibraiors. 
However, the trigger for this circuit to chaiige states is the input voltage level, rather than a digital pulse. That 
is, the output state depends on the input level, and will change only as the input crosses a pre-defined 
threshold. 

In this experiment, we will look at the theory of this circuit's operation, and then build one to demonstrate 
its real-worid operation. 
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Schematic Diagram 


Unlike the other multivibrators you have built and 
demonstrated, the Schmitt Trigger makes its feedback connection 
through the emitters of the transistors as shown in the schematic 
diagram to the right. This makes for some useful possibilities, as 
we will see during our discussion of the operating theory of this 
circuit. 

To understand how this circuit works, assume that the input 
starts at ground, or 0 volts. Transistor Ql is necessarily turned 
off, and has no effect on this circuit. Therefore, RCl, Rl, and R2 
form a voltage divider across the 5 volt power supply to set the 
base voltage of Q2 to a vaJue of (5 x R2)/(RC1 + Rl + R2). If we 
assume that the two transistors are essentially identical, then as 
long as the input voltage remains significantly less than the base 
voltage of Q2, Ql will remain off and the circuit operation will 
not change. 


+5V 


RCl 
2.ZK 


RBI 
IN 10K 

RE 
3.3K 



Note: Classical analyses of this circuit include the forward current gain, hpg, of the two transistors. This 

was important in the early days of transistors when a signal transistor was doing well to have a current gain of 
30. Modern transistors have a much higher gain (160 for the 2N3904/2N3906, 200 for the 2N4124/2N4126), 
so they don't have the same limitations as older transistors. We can ignore the effects of transistor base current, 
although we do still need to account for Vgg for the two transistors. 


While Ql is off, Q2 is on. Its emitter and collector current are essentially the same, and are set by the value 
of RE and the emitter voltage, which wiU be less than the Q2 base voltage by V^^. If Q2 is in saturation under 

these circumstances, the output voltage will be within a fraction of the threshold voltage set by RCl, Rl, and 
R2. It is important to note that the output voltage of this circuit cannot drop to zero volts, and generally not to a 
valid logic 0. We can deal with thai, but we must recognize this fact. 

Now, suppose that the input voltage rises, and continues to rise until it approaches the threshold voltage on 
Q2's base. At this point, Ql begins to conduct. Since it now carries some collector current, the current through 
RCl increases and the voltage at the collector of Ql decreases. But this also affects our voltage divider, 
reducing the base voltage on Q2. But since Ql is now conducting it carries some of the current flowing 
through RE, and the voltage across RE doesn't change as rapidly. Therefore, Q2 turns off and the output 
voltage rises to +5 volts. "The circuit has just changed states. 

If the input voltage rises further, it will simply keep Ql turned on and Q2 turned off. However, if the input 
voltage starts to fall back towards zero, there must clearly be a point at which this circuit will reset itself. TTie 
question is. What is the falling threshold voltage? It will be the voltage at which Ql's base becomes more 
negative than Q2's base, so that Q2 wiD begin conducting again. However, it isn't the same as the rising 
threshold voltage, sir^ce Ql is currently affecting the behavior of the voltage divider. 

We won't go through all of the derivation here, but when Wj^ becomes equal to Q2's base voltage, Q2's base 
voltage will be: 

RC2 
5^^EE 


RCl RCl + Rl 
1+ ^ 

RE R2 
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As approaches this value, Q2 begins to conduct, taking emitter current away from Ql . This reduces the 

ctirrent through RCl which raises Q2's base voltage further, increasing Q2's forward bias and decreasing Ql's 
forward bias. ITiis in turn will turn off Ql, and the circuit will switch back to its original state. 

Three factors must be recognized in the Schmitt Trigger. First, 
the circuit will change states as Vjj^ approaches Vg2. not when 

the two voltages are equal. Therefore Vg^ is very close to the 

threshold voltage, but is not precisely equal to it. For example, for 
the component values shown above, Vg, will be 2.54 volts when 

Ql is held off, and 2.06 volts as Vjj^ is falling towards this value. 

Second, since the common emitter connection is part of the 
feedback system in this circuit, RE must be large enough to 
provide the requisite amount of feedback, without becoming so 
large as to starve the circuit of needed current. If RE is out of 
range, the circuit will not operate properly, and may not operate 
as anything more than a high-gain amplifier over a narrow input 
voltage range, instead of switching states. 

The third factor is the fact that the output voltage cannot switch over logic levels, because the transistor 
emitters are not grounded. If a logic-level output is required, which is usually the case, we can use a circuit 
such as the one shown here to correct this problem. This circuit is basically two RTL inverters, except that one 
uses a PNP transistor. This works because when Q2 above is turned off, it will hold a PNP inverter off, but 
when it is on, its output will turn the PNP transistor on. The NPN transistor here is a second inverter to re- 
invert the signal and to restore it to active pull-down in common with all of our other logic circuits. 

The circuit you will construct for this experiment includes both of the circuits shown here, so that you can 
monitor the response of the Schmitt trigger with LO. 



The Trimmer Potentiometer 


A new component that you will need for this project is a trimmer potentiometer. A 
potentiometer consists of a resistive element with a movable electrical contact touching 
it. This permits the potentiometer to serve as a continuously-variable voltage divider. 


The figure to the right shows one of the many kinds of potentiometers available for a wide range of 
applications. This one uses a screw to slowly advance the moving contact along the resistance element. This 
allows accurate placement of the contact and reduces the likelihood that an accident may move the contact 
away from the desired position. The particular potentiometer that we will use requires 15 mms of the screw to 
cover the entire resistance range. 

This particular type of potentiometer is typically known as a trimmer potentiometer (or trimpot for short), 
because it is intended to be adjusted or "trimmed" to a particular setting, and then left there to retain its setting. 
It vdll seldom need to be readjusted in normal use. 


Parts List 

To construct and test the Schmitt Trigger circuit on your breadboard, you will need the following 
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